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Description 
TECHNICAL FIELD 

5 The subject invention relates to anionic polymerization resulting in diene polymer and copofymer elastomers. More 

particularly, the present Invention relates to polymerization employing a lithio amine initiator, an organic alkali metal 
conpound arri optionally, a chelating reagent The resulting polymers are chain-end modified and contain a high amount 
of s^ene and a low amount of vinyl units. 

10 BACKGROUND ART 

When conducting polymerizations on a commercial basis, it is important to utilize process conditions and compo- 
nents which will allow the molecular weight of the end products to be narrowly and reproducibly defined. The charac- 
teristics of a given polymer and its usefulness, are dependent, among other things, upon its molecular weight. Hence, 
15 it is desirable to be able to predict with some certainty the molecular weight of the end product of the polymerization. 
When the molecular weight Is not narrowly definable, nor r^roducible on a systematic basis, the process may not be 
commerdaily viable. 

In the art, it is desirable to produce elastomeric compounds exhibiting reduced hysteresis characteristics. Such 
elastomers, when compounded to form articles such as tires, power belts and the like, show an increase in rebound, a 

20 decrease in rolling resistance and will have less heat build-up when mechanical stresses are applied. 

A major source of hysteretic power loss has been established to be due to the section of the polymer chain from 
the last cross link of the vulcanizate to an end of the polymer chain. This free end cannot be involved in an efficient 
elastically recoverable process, and as a result any energy transmitted to this section of the cured sample is lost as 
heat. This loss of heat energy contributes to hysteretic power loss. 

25 It is difficult to obtain consistent properties, such as a reduction in hysteresis properties, if the polymer cannot be 
controllatriy reproduced In a narrow molecular weight range distribution. See, for example. U.S. Pat. No. 4,935,471 . in 
which some polymers are prepared with a heterogeneous mixture of certain metalated secondary amines, including 
lithium pyrrolidide. Polymers made in this manner have widely variable molecular weights, broad polydispersities, their 
functional terminations all of which give rise to poorly reproducft>le hysteresis reduction results. 

30 It is known in the art to employ a lithium amide with an alkali metal compound, such as, for example, as discussed 
in Japanese Pat. No. 7,965,788. That patent does not disclose the incorporation of a chelating agent in the initiator 
system as is done in the present invention. Polymerization to form certain rubber compounds such as styreneAxitadiene 
rubber (SBR) with higher styrene content by using only a lithium amide initiator and alkali metal compound randomizers 
in acyclic alkanes, causes the formation of a heterogeneous polymer cement, which Is comprised of a mixture of widely 

35 different styrene content molecules. This makes it difficult to achieve the desired molecular weight and to difficult to 
control styrene sequence distribution. The presence of such cements often interferes with desirable ridsber properties 
in the polymer. 

Furthermore, a major drawback with many of these known anionic initiators, is that they are not soluble in hydro- 
cart>on solvents such as hexane or cyclohexane. Polar solvents have heretofore necessarily been employed including 

40 the polar organic ethers such as dimethyl or diethyl ether, tetrahydrofuran. tetramethylethylenediamine, or diethylene 
glycol dimethyl ether (diglyme). 

The invention also provides for the incorporation of a functionality from the Initiator into the polymer chain, such that 
two or more of the ends of the resulting polymer molecules are modified. Hysteresis characteristics of the resulting 
products are effectively reduced, and other physical characteristics are intproved. The invention provides for efficient, 

45 controllable and reproducible polymerizations, with the preparation of well defined end-products of a relatively narrow 
molecular weight distrllxjtion range. Furthermore, there is provided a means of controlling the sequence distribution of 
vinyl aromatic monomers, such as styrene, along a polymer backbone, to Improve the hysteresis properties, tear strength 
and wear resistance of the resulting products. 

50 DISCLOSURE OF THE INVENTION 

It Is therefore, an object of the present Invention to provide a hydrocariDon soluble anionic polymerization initiator. 
It is an object of one embodiment of the present invention to provide a randomized, high styrene. low vinyl, sly- 
rene/butadiene rubber, which includes polymer chains wherein both ends of the chains are modified by being function- 
55 alized. 

It is a further object of the present invention to provide a method of preparing such an anionic polymerization Initiator, 
It is still a further object of the invention to provide an initiator which will reproductt>iy produce a polymer within a 
narrow, predictable molecular weight range. 

It Is another object of the present invention to provide elastomers formed with such a polymerization initiator. 
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It is also an object of certain embodiments of the present invention to provide diene polymers and copolymers having 
improved, that is, reduced hysteresis loss characteristics. 

It is a further object of the present invention to provide vulcanizable elastomeric compounds. 

Still another object of the present invention is to provide an improved tire formed from an elastomer as above. 
5 An additional object of the invention is to provide randomized, high styrene, low vinyl, styrene/butadiene rubber. 

These and other objects together with the advantages thereof over the existing art which shall become apparent 
from the specification which follows, are acconnplished by the invention as hereinafter described and claimed. 

In general, the present invention provides a hydrocarbon soluble, anionic polymerization initiator comprising a mix- 
ture of (i) a lithio amine having the general formula (A)U(SOL)y where y is 0 or from about 0.5 to about 3; SOL is a 
10 solubilizing component selected from the group consisting of hydrocaibons. ethers, amines or mixtures thereof; and, A 
is selected from the group consisting of alkyl. dialkyl. cycloalkyi or dicycloaikyi amine radicals having the general formula 




and cyclic amine radicals having the general formula 




Each Ri is independently selected from the group consisting of alkyls, cycloalkyls and aralkyls having from 1 to about 
1 2 carbon atoms, and Ra is selected from the group consisting of a divalent alkylene, bicycloalkane. siiDstituted alkylene, 

35 oxy-or N-alkylamino-alkylene group having from about 3 to about 16 methylene groups. The mixture also comprises (ii) 
an organic alkali metal compound; and optionally, (iii) a chelating reagent 

There is also provided a method of preparing an anionic polymerization initiator comprising the step of forming a 
reaction product by reacting an organolithium compound with a functionalizing agent; the functionalizing agent being 
selected from the group consisting of alkyl, dialkyl. cycloalkyi or dicydoalkyl amine compounds having the general for- 

40 mula 



N— H 



50 



55 
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and cyclic amine compounds having the general fomiula 



5 




R2 N-H 



10 

where Ri and R2 are as defined hereinabove. The method also includes mixing the above reaction product with an 
organic alkali metal compound: and optionally, a chelating reagent. The organol'ithium compound has the general formula 
RLi where R is selected from the group consisting of alkyis, cycloalkyls, alkenyls, aryls and aralkyls having from 1 to 
15 about 20 carbon atoms and short chain length low molecular weight polymers from diolelin and vinyl aryl monomers 
having up to about 25 units. 

A process for preparing an elastomeric compound having reduced hysteresis properties, is also within the scope 
of the present invention, and comprises the steps of forming a solution of one or more anionically polymerizable mon- 
omers in a hydrocarbon solvent; and polymerizing the monomer with a mixture of a lithio amine and an organic alkali 
20 metal compound to form a polymer; wherein the lithio amine has the general formula 

(A)U{SOL)y 

where y is 0 or from about 0.5 to about 3; and, A and SOL are as defined hereinabove. 
25 A polymer according to the invention is prepared by forming a solution of one or more anionically polymerizable 
monomers In a hydrocartxin solvent; and, polymerizing the monomer with a mixture of a lithio amine and an organic 
alkali metal compourKi to form the polymer. The lithio amine has the general formula 

{A)Li(SOL)y 

30 

where y, A and SOL are as defined hereinabove. 

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION 

35 As will become apparent from the description which foRows, the present invention provides novel polymerization 
initiators which are soluble in hydrocarbon solvents, such as preferably, cydoalkanes such as cydohexane, cyclohep- 
tane, derivatives thereof and the like, and mixtures of these with alkanes such as hexane, pentane. heptane, octane, 
their alkylated derivatives, and the like. By solufc)Ie, it is understood to mean a solubility of up to about a one molar 
concentration at room temperature. It has also been discovered herein that certain rubber compositions. vuicanizak>le 

40 elastomeric compositions and articles thereof based upon polymers formed using such initiators, exhibit useful proper- 
ties, such as for example, reproducible relatively narrow molecular weight ranges. Furthermore, the polymers according 
to the invention also contain af unctionality from the initiator, which functionality is useful for example, in desiratrfy reducing 
hysteresis loss characteristics. Further still. It has been found that products according to the present invention, when 
mixed with cariDon black, also exhibit improved physical properties, such as high tensile and tear strength and wear 

45 resistance properties. 

The invention is particulariy suited, although it is not necessarily limited to, the production of reduced hysteresis, 
chain-end modified, high styrene, low vinyl, styrene/butadiene rubber (SBR). When compounded with other ingredients 
as will be addressed hereinbelow. the resulting elastomer product possesses increased retxjund, decreased rolling 
resistance and/or less heat buikJup. Such elastomer products can be used to form improved, energy-efficient tires, power 
50 befte and mechanical goods. 

The present invention employs a mixture of an amine initiator, an alkaline metal organic randomizer and optionally, 
a chelating reagent. This mixture is then used as an initiator to cause an ensuing polymerization, as will also be more 
fully described hereinbelow. Because of the presence of the alkaline metal organic randomizer and optionally, the chelat- 
ing reagent, the resulting elastomers and other products according to the invention, exhibit not only reduced hysteresis 
55 characteristics, txjt also improved tensile, tear and wear strengths. 

A preferred soluble initiator according to the present invention, is one where no solubilizing component is present 
in the lithio amine compound (that is, the subscript y is zero in the fornrujla hereinbelow). Another preferred Initiator 
according to the invention, is one where SOL is present and the initiator is the reaction product of an amine, an organo 
lithium and a solubilizing component. SOL The organo lithium and the amine may be reacted in the presence of the 
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solubilizing component or agent or they may be reacted first and the reaction product thereof subsequently reacted with 
the solubilizing component. A preferred initiator is therefore, a soiubilized lithio amine having the general formula 

(A)U(SOL)y 

5 

where y is from about 0 to about 3. When SOL is not present, y 0. and when SOL is present it is preferred that y = 
about 0.5 to about 3. The parentheses of this general formula indicate that the formula may include A-Li-SOLy; SOLy- 
A-Li; or. A-SOLy-Li. 

(SOL) is a solubilizing component and may be a hydrocarbon, ether, amine or a mixture thereof. It has been dis- 
10 covered that by the presence of the (SOL) component, the initiator is soluble in hydrocarbon solvente according to the 
above definition. 

Exenplary (SOL) groups include dienyl or vinyl aromatic polymers or copolymers having a degree of polymerization 
of from 3 to about 300 polymerization units. Such polymers include polybutadiene. polystyrene, polyisoprene and copol- 
ymers thereof . Other examples of (SOL) include polar ligands. such as tetrahydrofuran (THF) and tetramethylethylene- 
15 diamine (TMEDA). 

The (A) component represents the amine functionality, at least one of which is carried by the resulting polymer, such 
as by being incorporated at the initiation site or head thereof. For example, (A) may be an alkyl. dialkyl. cydoalkyl or a 
dicycloalkyi amine radical having the general formula 



25 




and cyclic amine radicals having the general formula 



35 




40 In these formulas, each Ri is an alkyl. cydoalkyl or aralkyi having from 1 to about 20 carbon atoms, where both Ri 
groups may be the same or different (that is. they are independently selected from that group), and R2 is a divalent 
alkylene, bicycloalkane. substituted aikylene. oxy- or N-alky!amino-alMene group having from about 3 to about 16 meth- 
ylene groups. By "substituted alkylene" it is understood that the alkylene has a substituent thereon. Preferred substituted 
alkylenes include mono- to octa- substituted alkylenes. The preferred substituents are linear or branched alkyls, 

45 cyctoalkyls. bicycloalkyls, aryls and aralkyls having from 1 to about 1 2 carbon atoms. 

Exenplary Ri groups include methyl, ethyl, butyl, octyl. cydohexyl. 3-phenyl-1 -propyl, isobutyl and the like. Exem- 
plary R2 groups include trimethyiene, tetramethylene, hexamethylene, oxydiethylene. N-alkylazadiethylene and the like. 

For example, (A) may be a derivative or radical: of pyn-olidine. that is, C4H8NH; of piperidine such as for example, 
piperidlne and 3-methylp*peridine; of monoalkyi piperazine such as 4-alkylpiperazine including for example. 4-propyl- 

50 piperazine; of perhydroazepine such as 3.3.5-trimethylhexahydoazepine and hecamethyleneimine; of 1 -azacydooctane; 
azacyclotridecane. also known as dodecamethyleneimine; of azacycloheptadecane. also known as hexadecamethyle- 
neimine; of 1-azacycloh^tadec-9-ene; or, of 1-azacycloheptadec-8-ene; including bicyclics such as perhydroisoquin- 
oline. perhydroindole. 1,3.3-trimethyl-6-azabicyclo [3.2.1] octane and the lite. Pyn-oHdine. perhydroazepine. 1- 
azacyclooclane and azacydotridecane provide the prefen^ed (A) radicals, A preferred pyrrolkiine derivative is of perhy- 

55 droindde and of piperidine is perhydroisoquinoline. (A) may also be diisobutyl amide or the like. 

There are many useful exairples of (A) that contain alkyl. cydoalkyl. aryl and aralkyi substituents of the cyclic and 
bicyclic amines, induding, but not limited to 2-(2-ethylhexyl)pyrrolidine; 3-(2-propyl)pynrol!dine; 3.5-bis(2-ethylhexyl) pip- 
erkJine; 4-phenylpiperidine; 7-decly-1 -azacydotridecane; 3,3-dimethyl-1-azacyclotetradecane; 4-dodecyl-1 -azacy- 
dooctane; 4-(2-phenylbutyl)-1 -azacydooctane; 3-ethyl-5-cyclohexyl-1-azacycloheptane; 4-hexyl^ 
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isoamyl-1-azacycloheptadecane;2-methyl-1-azacycloheptadec- 9-ene: 3-isobiJtyi'1-azacyciododecane; 2-methyl-7-t- 
butyl-1-azacyclododecane; 5-nony!-1-azacycIodecane; 8-(4'-methylphenyl)-5-pentyl-3-azabicyclo[5.4.0]undecane: 1 
butyi-6-azabicyclo[3.2.1]octane; 8-ethyl-3-azabicycIo[3-2.1 .]octane; 1 -propyl -3-azabicyclo[3.2.2]nonane; 3-(t-butyl)-7- 
azabicyclo[4.3.0]nonane; 1.5,5'trimethyl-3-azabicyclo[4.4.0]decane; and the like. 

5 It has been found that when Ri and R2 are each branched in the alpha position, such as di-t-butyl, diisopropyl, 

tertiary butyl or the like, the resulting polymerizations are slow, presumably due to hinderance around the nitrogen at 
the initiation site. Hence, in a preferred embodiment of the invention, the carbon atoms in Ri and R2 which are bonded 
to the nitrogen in the amine, are also bonded to a total of at I east three hydrogen atoms and thus, are relatively unhindered. 
The initiator according to the present invention can be formed by preparing a solution of the functionalizing agent 

10 A-H, in an anhydrous, aprotic solvent, such as cyclohexane, preferably in the presence of (SOL), if (SOL) is to be 
employed and ff it is an ether or an amino compound. To this solution is then added an organdithium compound in the 
same or a similar solvent. The organolithium conpound has the general formula RLi where R is selected from the group 
consisting of alkyls, cydoalkyls, alkenyis, aryls and aralkyls having from 1 to about 20 carbon atoms and short chain 
length lew molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units. Typical alkyls 

15 include n-txrtyl, s-butyl. methyl, ethyl, rsopropyl and the like. The cydoalkyls include cyclohexyl. menthyl and the like. 
The alkenyis include allyl. vinyl and the like. The aryl and aralkyi groups include phenyl, benzyl, oligo(styryl) and the 
like. Exemplary short chain length polymers include the oligo(butadienyls), oligo(isopreriyls). digo(styryls) and the like, 
formed by organolithium initiation of digomerization of the appropriate monomer. 

if (SOL) is a short chain length pdymer, that is, an oligomer, it can be formed in situ by adding monomer after the 

20 amine and the organolithium are mixed, as will be described hereinbelow. The initiator can also be formed by mixing 
the organolithium and the amine in the presence of the monomer. 

lb the solution of the amine and the organolithiurn, if SOL is present, is then added a solution of the monomers of 
the soiubilizing component (SOL) in the same or similar solvent. The components are allowed to react for up to about 
one hour at ambient temperature (15" to 30° C), or elevated temperatures up to about 100°C preferably at less than 

25 SO^'C, and more preferably at less than 38**C, following which the catalyst is ready for use. The initiators according to 
the present invention are considered to be soluble if they remain in solution within an excess of a hydrocarbon solvent 
for about three (3) days, at a concentration of up to about one molar. 

The organic alkali metal compound used in the initiator systems of the present invention, is preferably selected from 
the group consisting of compounds having the general formula R3M, R4OM, R5C(0)0M, ReR/NM. and RsSOsM, where 

30 R3, R4, R5. Re. R7. and Rs are each selected from the group consisting of alkyls, cydoalkyls. alkenyis, aryls, or phenyls, 
having from about 1 to about 12 cartx)n atoms. The metal component M is selected from the group consisting of Na, K, 
Rb or Cs. Preferably, M is Na or K. 

For example, R3M may include methyl sodium, ethyl potassium, n^xopyl rubidium, ethylcesium, t-butyt sodium, t- 
amylpotassium. n-hexylrubidium, phenyl potassium, benzyl sodium, and the like. 

35 The conpound R4OM. may include for example, alkali metal salts of monovalent and pdyvalent alcohols, and mono- 
valent and polyvalent phenols, such as sodium (Na), potassium (K), rubidium (Rb) or cesium (Cs) salts of methyl ajcohol, 
^yl alcohol, n-propyl alcohol, isopropyi alcohol, t-butyl alcohol, t-amyi alcohol, n-hexyl alcohol, cyclohexyl alcohol, t- 
butenyl alcohol, 4-methyIcyclohexyl alcohol, phenol, benzyl alcohol, catechol, resorcinol, 1-naphthol. 2,6-di-t-butyi-meth- 
ylphenol. n-nonylphend, and the like. 

40 The R5C(0)0M may include for example, alkali metal salts of mono-and poly-carboxylic adds such as Na. K. Rb 
and Cs salts of lauric acid, myristic acid, palmitic acid, stearic add. arachic acid, lindeic acid, phenylacetic add, benzoic 
ackl. sebacicacid. phthalic add, and the like. 

The compound ReR/NM may include for example, alkali metal salts of secondary amine such as Na. K. Rb and Cs 
salts of dimethylamine, di-n-butylamine. methyl-n-hexylamine, diphenylamine, dibenzylamine, and the like. 

45 The conpound ReSOaM, may include for exanple, alkali metal salts of sulfonic acids, such as Na, K. Rb and Cs 
salts of dodecylbenzenesulfbnic add, tetra-decylbenzenesulfonic add, hexadecyibenzenesulfbnic acid, odadecylben- 
zenesuKbnic acid, and the like. 

Suitable polymerization modifiers such as ethers or amines may also be used by combining with alkali metal com- 
pounds, to provide the desired microstructure and rarxlomization of the comonomer units. 

50 The initiator mixture according to the invention preferably includes a mixture ratio of the organic alkali metal com- 
pound of from about 0.5 to about 0.02 equivalents thereof per equivalent of lithium in the lithio amine initiator. 

In the initiator systems of the present invention a chelating reagent can be enployed to help prevent heterogeneous 
polymerization. Useful such reagents indude for exanple, tetramethylethylenediamine (TMEDA). oxolanyl cyclic acetals 
and cyclic oligomeric oxolanyl alkanes and the like. The oligomertc oxolanyl alkanes may be represented by the structural 

55 formula 
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wherein R9 and Rio independently are hydrogen or an alkyl group and the total number of carbon atoms in -CR9R10- 
ranges between one and nine inclusive; y is an integer of 1 to 5 inclusive; y' is an Integer of 3 to 5 inclusive; and Rn. 
R12. Ri3. and Ru independently are -H or -CnH2n+i wherein n = 1 to 6. 

The compounds of the first formula are linear oligomers and the modifiers represented by the second structural 

35 formula are cyclic oligomers and further details thereof can be found in U.a Pat. No. 4,429.091 . the subject matter of 
which regarding oligomer oxolanyl alkanes is incorporated herein by reference. Furthermore, details regarding the oxola- 
nyl cyclic acetals can be found in U.S. Pat. No. 5.1 1 2.929. and the subject matter of which regarding oligomer oxolanyl 
alkanes is incorporated herein by reference. 

The initiator mixture according to the invention preferably includes a mixture ratio of the chelating reagent of from 

40 about 2 to about 0.01 equivalents thereof per equivalent of lithium in the lithio amine initiator. A ratio in the range of about 
0.02 to about 0.1 is preferred. 

As stated above, the initiator nraxlure thus formed may be employed as an initiator to prepare any anionically-polym- 
erized elastomer. e.g-. polybutadiene.polyisoprene and the like, and copolymers thereof with monovinyl aromatics such 
as styrene. alpha methyl styrene and the like, or trienes such as myrcene. Thus, the elastomers include diene homopol- 

45 ymers and copolymers thereof with monovinyl aromatic polymers. Suitable monomers include conjugated dienes having 
from about 4 to about 12 carbon atoms and monovinyl aromatic monomers having 8 to 18 cait>on atoms and trienes, 
and mixtures thereof. Examples of conjugated diene monomers and the like useful in the present invention include 1 ,3- 
butadiene. isoprene, 1,3-pentadiene, 2,3-dimethyl-1 ,3-butadiene and 1 .3-hexadiene. and aromatic vinyl monomers 
include styrene, alpha-methylstyrene, p-methylstyrene. vinyltoluene and vinylnaphtalene. The conjugated diene mono- 

50 mer and aromatic vinyl monomer are normally used at the weight ratios of 95-50:5-50. preferably 85-55:15-45. In a 
particular preferred embodiment the polymer has a high styrene content, that is. a styrene content of about 20 percent 
by weight or mare. It is also preferred that the polymer have a low vinyl content. That is, it is preferred that less than 
about 50 percent by weight of the butadiene portion is 1 .2-units; preferably less than about 40 percent by weight; and 
more preferred still, less than about 30 percent by weight. 

55 polymerization is conducted in a hydrocarbon solvent as indicated hereinabove, such as the various hexanes, hep- 
tanes, octanes, mixtures thereof, and the like. In order to promote randomization in copolymerization and to control vinyl 
content, a polar coordinator or other chelating reagents may be added to the polymerization ingredients. Amounts range 
between 0 and 90 or more equivalents per equivalent of lithium. The amount depends on the amount of vinyl desired. 
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the level of styrene employed and the temperature of the polymerization, as well as the nature of the specific pdar 
coordinator (modifier) employed. 

Ckxrpounds useful as polar coordinators and other chelating reagents are organic, and include, for example, tet- 
rahydrofuran. linear and cyclic oligomeric oxolanyl alkanes such as 2-2*-di(telrahydrofuryl) propane, di-piperidyl ethane, 

5 hexamethylphosphoramide, N-N*-dimethylpiperazine, diazabicyclooctane. dimethyl ether, diethyl ether, tributylamine 
and the like. The linear and cyclic oligomeric oxolanyl alkane modifiers are described in U.S. Pat. No. 4.429,091 , the 
subject matter of which is incorporated herein by reference. Other compounds useful as polar coordinators include those 
having an oxygen or nitrogen hetero-atom arxl a non-bonded pair of electrons. Examples include dialkyi ethers of mono 
and oligo alkylene glycols; "crown" ethers; tertiary amines such as tetramethylethylene diamine (TWIEDA); tetrahydro- 

10 furan (THF), linear THF oligomers and the like. 

A batch polymerization is begun by charging a blend of monomer{s) and hydrocarbon solvent to a suitable reaction 
vessel, followed by the addition of the polar coordinator (if employed) and the initiator mixture previously described. The 
reactarrts are heated to a temperature of from about 20 to about 200*»C. arxJ the polymerization is allowed to proceed 
ibr from about 0.1 to about 24 hours. A functional amine group is derived from the initiator compound and bonds at the 

15 initiation site. Thus, substantially every resulting polymer chain, or the predominance of the chains, has the following 
general formula 

AYU 

20 where A is as described above, and Y is a divalent polymer radical which is derived from any or all of the foregoing diene 
homopolymers, monovinyl aromatic polymers, diene/monovinyl aromatic random copolymers and trfock copolymers. 
The monomer addition at the lithium end causes the molecular weight of the polymer to increase as the polymerization 
continues. 

To terminate the polymerization, and thus further control polymer molecular weight and polymer properties, a mod- 
25 ifying agent such as a terminating agent, coupling agent or linking agent may be employed, all of these agents being 
collectively referred to herein as "modifying agents". Certain of these agents may provide the resulting polymer with a 
mumfunctionality. That is. the polymers initiated according to the present invention nriay carry at one end at least one 
amine functional group A as discussed hereinabove, and may also carry a second functional group selected and derived 
from the group consisting of modifying agents at another end. 
30 Useful modifying agents include the following or mixtures thereof: active hydrogen compounds such as alcohol; 
carbon dioxide; N.N.N'. N'-tetradialkykliamino-t>enzophenone (such as tetramethykJiaminobenzophenone or the like); 
N.N-dialkylamino-benzaldehyde (such as dimethylaminobenzaWehyde or the like); 1 .3-dialM-2-imkiazolKlinones (such 
as 1 ,3-dimethyl-2-imkiazolklinone or the like) ; 1 -alkyi substituted pyn-olidinones; 1 -aryl substituted pynrolklinones; dialkyl- 
and dicycloalkyl-carbodiimides having from atx>ut 5 to about 20 cartx)n atoms; (Ri5)a^^' 

35 



40 



45 



SO 
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where Z is tin or silicon. In a preferred embodiment Z is tin. 
50 Ri5 is an alkyi having from about 1 to about 20 carbon atoms; a cycloalkyi having from about 3 to about 20 carbon 
atoms; an aryl having from about 6 to about 20 carbon atoms; or, an aralkyi having from about 7 to about 20 caibon 
atoms. For exanple. R15 may include methyl, ethyl, n-butyl, neophyl, phenyl, cyclohexyi or the like. 
X is chlorine, bromine or iodine, "a" is from 0 to 3. "b" is from 1 to 4; and a + b = 4 . 

Each R16 is the same or different and is an alkyl, cycloalkyi or aryl, having from about 1 to about 12 carbon atoms. 
ss For exanple, R16 may include methyl, ethyl, nonyl, t-butyl. phenyl or the like, 

Ri7 is an alkyl. phenyl, alkylphenyl or dialkylaminophenyl. having from about 1 to about 20 carbon atoms. For exam- 
ple. Ri7 may include t-txjtyl. 2-methyl-4-pentene-2-yl, phenyl, p-tolyl, p-butylphenyi. p-dodecytphenyl, p-diethylaml- 
nophenyl, p-(pyrrolidino)phenyI, and the like. 
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Each Ri8 is the same or diffierent. and is an alkyi or cycloatkyi having from about 1 to about 12 carbon atoms. Two 
of the Ri8 groups may together form a cyclic group. For example. Rig may include methyl, ethyl, octyl, tetramethylene, 
pentamethylene, cydohexy! or the like. 

Ri9 may include alkyI, phenyl, alkylphenyl or dialkylaminophenyl. having from about 1 to about 20 carbon atoms. 
5 For example. Rig may include methyl, butyl, phenyl, p-butylphenyl, p-nonylphenyl, p-dimethyiaminophenyl, p-diethyl- 
aminophenyi, p-(piperidino}phenyl, or the like. 

Other examples of useful terminating agents include tin tetrachloride, (Ri)3SnCI, (Ri)2SnCl2. RiSnGIa, carbodiim- 
ides. N-methylpyrrolidinone, cyclic amides, cyclic ureas, isocyanates, Schiff bases, 4.4'-bis(diethylamino) benzophe- 
none. and the like, where Ri is as described hereinabove. 
10 One preferred polymer according to the present invention, is a polymer which includes at least one functional group 
A as discussed hereinabove, wherein A is derived from the reaction product of an amine and an organolithium compound 
as also discussed hereinabove. Furthermore, a preferred polymer is multifunctional wherein the polymer also carries a 
tin-carbon bond, such as may be derived from the terminating, coipling or linking agent. A rubber composition or a 
vulcanizable rubber conposition according to the present invention, may include such a polymer. 
15 The modifying agent is added to the reaction vessel, and the vessel is agitated for about 1 to about 1000 minutes. 
As a result, an elastomer is produced having an even greater affinity for compounding materials such as carbon black, 
and hence, even further reduced hysteresis. Additional examples of terminating agents include those found in U.S. 
Patent No. 4.616,069 which is herein incorporated by reference for its disclosure regarding terminating agents. 

The polymer may be recovered from the solvent by conventional techniques. These include steam or alcohol coag- 
20 ulation, thermal desolventization, or any other suitable method. Additionally, solvent may be removed from the resulting 
polymer by drum drying, extruder drying, vacuum drying or the like. 

The elastomers of the present invention comprise a plurality of polymers, having a functional group at two or more 
ends of the resulting polymer. Compounds of such polymers may result in products exhibiting reduced hysteresis loss, 
which means a product having increased rebound, decreased rolling resistance and has less heat build-up when sub- 
25 jected to mechanical stress. 

It has also been found, as will be exemplified hereinbelow, that polymers formed using the initiators of the invention, 
are reproduclbly polymerizat^e in a relatively narrow range of molecular weights, such as that sut^stantially consistently 
reproducible polymers are possible with a molecular weight range of afcx)ut 20.000 to about 250.000. 

The polymers of the present invention can be used alone or in combination with other elastomers to prepare an 
30 elastomer product such as a tire treadstock, sidewall stock or other tire component stock compound. In a tire of the 
invention, at least one such component is produced from a vulcanizable elastomeric or rubber composition. For example, 
the polymers according to the invention can be blended with any conventionally employed treadstock rubt^r which 
includes natural rubber, synthetic rutDber and blends thereof. Such rubbers are well known to those skilled in the art and 
include synthetic polyisoprene rubt>er, styrene/butadiene rubber (SBR), polybutadiene, butyl rubber, Neoprene, ethyl- 
35 ene^^rppylene rubber, e^ylene/t^ropyleneAjiene rubber (EPDM), acrylonitrile/butadtjene rubber (NBR), silicone rubber, 
the fluoroelastomers, ethylene acrylic rubber, ethylene vinyl acetate copolymer (EVA), epichlorohydrin rut3bers, chlorin- 
ated polyethylene rubbers, chlorosulfonated polyethylene rutibers. hydrogenated nitrile rubber, tetrafluoroethylene^ro- 
pylene rubber and the like. When the polymers of the present irrvention are blended with conventional rubbers, the 
amounts can vary widely such as between 10 and 99 percent by weight. Thus, a tire according to the invention has 
40 decreased rolling resistance and at least one structural element such as treads, subtreads, tklack sidewalls, body ply 
skims and bead fillers, wheran the structural element results from a vulcanizable elastomer according to the invention. 

The polymers can be compounded with carbon black in amounts ranging from about 5 to about 1 00 parts by weight, 
per 100 parts of rulDber (phr). with about 5 to at)out 80 parts being preferred and from about 40 to about 70 phr being 
more pretended. The cartx>n blacks may include any of the commonly available, commerdaily-produced cart>on blacks 
45 but those having a surface area (EMSA) of at least 20 n^/g and more preferably at least 35 m?/g up to 200 m?/g or 
higher are preferred. Surface area values used in this application are those determined by ASTM test D-1765 using the 
cetyltrimethyl-ammonium bromide (CTAB) technique. Among the useful cartwh blacks are furnace black, channel blacks 
and lamp blacks. More specifically, exanples of the carbon blacks include super abrasion furnace (SAF) blacks, high 
abrasion furnace (HAF) blacks, fast extrusion furnace (FEF) blacks, fine furnace (FF) blacks, intermediate super abrasion 
50 furnace (lSAf=) blacks, semi-reinforcing f umace (SRF) blacks, medium processing channd t^lacks, hard processing chan- 
nel blacks and conducting channel blacks. Other csabon tracks which may be utilized include acetylene tslacks. Mixtures 
of two or more of the above blacks can be used in preparing the caft>on black products of the invention. Typical values 
for surface areas of usable carbon blacks are summarized in the following TABLE I. 

55 
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TABLE I 



CARBON BLACKS 


ASTM Designation (D-1765-82a) 


Surface Area (mz/g) (D-3765) 


N-110 


126 


N-220 


111 


N-339 


95 


N-330 


83 


N-550 


42 


N-660 


35 



The cartxjn blacks utilized in the preparation of the rubber compounds of the invention may be in pelletized form or 
an unpelletized flocculent mass. Preferably, for more uniform mixing, unpelletized carbon black is preferred. The reln- 

20 forced rubber compounds can be cured in a conventional manner with known vulcanizing agents at about 0.5 to about 
4 phr. For example, sulfur or peroxide-based curing systems may be employed. For a general disclosure of suitable 
vulcanizing agents one can refer to Kirk-Othmer, Encydopedia of Chemic al Technology. 3rd ed.. Wiley Interscience, 
N.Y 1982. Vol. 20. pp. 365-468, particularly "Vulcanization Agents and Auxiliary Materials" pp. 390-402. Vulcanizing 
agents may be used aione or in comtMnation. 

25 Vulcanizable elastomeric or rubber compositions of the invention can be prepared by compounding or mixing the 
polymers thereof with carbon black and other conventional rubber additives such as fillers, plasticizers. antioxidants, 
curing agents and the like, using standard rubber mixing equipmerrt arKl procedures and conventional amounts of such 
additives. 

30 GENERAL EXPERIMENTAL 

In order to demonstrate the preparation and properties of the initiator mixtures and elastomers according to the 
present invention, a number of such initiator mixtures and elastomers were prepared. A number of solutions of styrene 
and butadiene monomers in hexane were prepared and were polymerized with the above described initiator mixtures. 
35 As noted above, various techniques known in the art for carrying out polymerizations may be employed without departing 
from the scope of the present invention. 

In the following examples, parts and percents are by weight unless otherwise specified. Polymer structure was 
determined by gel permeation chromatography (GPC) for molecular weight and infrared spectroscopy (IR) for micro- 
structure of diene portion and nuclear magnetic resonance spectrum (NMR) for styrene content. 
40 For evaluation of compounded properties, the strength at breakage was evaluated by using micro-dun±>bel! spec- 
imens. To evaluate hysteresis loss properties, the dynamic loss factor at SO^^C (tan 6) was measured by means of a 
Dynastat viscoelastbmer at 1 Hz. In general, the smaller the tan 5 value, the lower the hysteresis loss. 

Wear resistance was measured by means of a Lambourn abrasion tester and represented by an index based on 
the conparative example, as will be discussed hereinbelow. In general, the higher the index number, the better the wear 
45 resistance. 

EXAMPLE 1 

Five pounds of styrene and butadiene blend (total solids in hexane equal to 19%), which had 38% styrene for total 
so monomer, was charged in 1 gallon reactor. To the reactor was then added 0.185 mmoi off TMEDA, 0.247 mmol of t- 
AmylOK and 3.3 mmd of the N-Iithio salt of hexamethyleneimine. or "LHMI". The LHMI was prepared by treating 3.3 
mmole of hexamethyleneimine with 3.7 mmole of n-butyllithium in hexanes. immediately prior to charging to the reactor 
for polymerization. Reaction temperature was set to 1 50^F (65**C). After 80 minutes, a small amount of polymer cement 
was taken and terminated by i-PrOH. To the rest of the cement was then added 1 .8 mmol of Bu2SnGl2 with agitation for 
55 30 minutes. The polymer cement was coagulated by i-ProH and dried by drum dryer to Obtain an SBR, reported here- 
inbelow as Polymer A. A comparative example polymer was made without TMEDA by using the same method described 
above. This comparative polymer is reported hereinbelow ^s Polymer B. Molecular weight information for Polymers A 
and B are reported in TABLE II hereinbelow. 
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TABLE li 



ANALYSIS OF POLYMERS A AND B 




Base Polymer 


Counted Polymer 




ML4 


Mn 


Mw/Mn 


ML4 


Mn 


Mw/Mn 


% coupled 


Polymer A 


35.0 


1.17x105 


1.19 


79.8 


1.55 X 105 


1.67 


40% 


Polymer B 


30.0 


1.04x105 


1.25 


75.5 


1.55x105 


1.60 


41% 



This data shows that the use of TMEDA results in a narrower molecular weight distribution as reflected by a Icwer 
15 Mw/Mn ratio. 

EXAMPLE 2 - NLiP initiator and NaOR System 

a) Bottle polymerization of NLiP • C9Hi9-4»-ONa System 

20 

NUP • 2THF was prepared as follows. A mixture of 25. 1 meq of pyrrolidine and 25.1 meq of n-butyllithium in hexane 
was stirred under nItroQen over a weekend at room temperature. This was treated with 50.2 meq of THF in hexane. and 
the resulting mixture was used to initiate the following polymerization. 

A series of bottle polymerizations were carried out using a 35 percent styrene/65 percent butadiene (wt/wt) blend 
25 in hexane (18% total solid). In these five polymerizations, the amounts of alkali metal modifier (as sodium nonyl phe- 
noxide) and. In two instances, a chelating agent (a linear oHgomeric oxolany! propane) were varied as shown in the 
following table: 





NLiP • 2THF/100g monomer 


Na/U 


CA/U 


BottieC 


1.2 mmol 


1/5 




Bottle D 


1.2 


1/10 




Bottle E 


1.2 


1/20 




Bottle F 


1.2 


1/10 


CA1 = 1/20 


Bottle G 


1.2 


1/20 


CA1 = 1/20 



40 '*"CA*' is chelating agent 



Each Polymerization reaction was carried out at 50**C for 4 hours and terminated by addition of isopropyl alcohol fi- 
PrOH"). The polymer cement from each tjpttle C-G. corresponding to Polymers C-G respectively, was a clear yellow 
45 solution. The polymers were isolated by coagulation in i-PrOH. treated with an antioxidant (butylated hydroxy toluene) 
and drum dried. /Analysis data for Polymers OG are listed in TABLE 111. 



so 
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TABLE III 



ANALYSIS OF POLYMERS C-C 


Polymer 


Conversion 


Mn 


Mw/Mn 


Vinyl^ 


Styrene 


C 


83.1% 




1,64 


37.0% 


34.5% 


D 


83.0% 


1.1E5 


1.57 


29.4% 


34.4% 


E 


86.4% 


1.1E5 


1.63 


25.7% 


34.5% 


F 


83.0% 


1.1 E5 


1.47 


40.2% 


34,4% 


G 


86.0% 


1.1 E5 


1.35 


43.3% 


34.6% 



^Based upon parts of butadiene 
IS ^E* means that the numtjer preceding E is multiplied by 1 0 raised to 

the power of the number following E; hence, "1 .2E5" is 1 .2 x 1 QS 



By adding the chelating reagent, CA. the molecular weight distribution (Mw/Mn) is narrowed as evidenced by the com- 
20 parison of Pdymeis D and E made without the chelating reagent, against Polymers F and G made with the chelating 
reagent. 

EXAMPLE 3 - NLiP inltiatQr and t-AmviOK System 
25 a) Reactor polymerization in n-liexane solution 

5 pounds of styrene iand butadiene monomer blend (total solids in hexane equal to 18%). which has 38w1% styrene 
for total monomer, was charged in 1 gallon reactor. To this. 3.9 mmol of NUP»2THF initiator, prepared as above, was 
charged along with 0.19 mmol of t-AmylOK. Reaction temperature was set to 1 40''F {60«C). Polymerization time was 3 
30 hours and observed peak temperature was 155'F(68'C).Then. 1.9 mmol of Bu2SnCl2 solution was added to the reactor 
as a coupling agent and the reaction mixture was agitated for 30 minutes. Polymer cement was coagulated in i-PrOH. 
treated with an antioxidant as above, and dried by drum dryer to obtain an SBR, reported herein as a Polymer F. 

A comparative example polymer was made by using n-BuU. Five pounds of 40% styrene and butadiene monomer 
blend (T.S. = 18%) was charged in 1 gallon reactor. To the reactor, 3.8 mmol of n-BuLi and 0.38 mmol of t-AmlyOK was 
35 added. After 1.5 hours polymerization at 160*F (71 'C). 1 .9 mmol of Bu2SnCl2 was charged to the reactor. Then the 
cement was coagulated and drum dried as above, to obtain Polymer I. 
Characterizations of these polymers are summarized in TABLE IV. 



TABLE iV 



ANALYSIS OF POLYitflERS H AND 1 




Mn 


Mw/Mn 


ML4 


Vinyl^ 


Styrene 


Polymer H 


1.8E5 


1.77 


87 


22% 


38% 


Polymer 1 


2,0E5 


1.62 


94 


19% 


43% 



%ased upon parts of butadiene 



b) Compound Physical Properties of the Polymer 

Polymers H. I and a control, an SBR initiated with BuLi. without the initiator combination of this Invention, which was 
55 a 20% styrene. 60% vinyl (based upon the butadiene portion), SnCU coupled SBR, were tested for physical properties. 
Compounding was done by using a standard recipe (parts by weight of Polymer 100, HAF carbon trfack 48.5, aromatic 
oil 10.5. sulfur 1.5). Results are summarized in TABLE V. 
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TABLE V 



COMPOUNDED PROPERTIES, POLYMERS H-l 




Room Temperature 


Wear index 


tan 5 




*7b(kg/cm2) 


'^Eb(%) 




50^0 


Example Polymer H 


256 


488 


118 


0.12 


Polymer 1 


197 


420 


127 


0-15 


Comparative SBR/SnCU 


182 


430 


100 


0.14 



tensile strength at iireak 
^elongation percent at break 

15 

Polymer H shows lower hysteresis loss and higher tensile strength and wear resistance than comparative polymers. 
EXAMPLE 4 - LHMI Initiator and t-AmvlOK System 

20 

a) Reactor Polymerization in n*hexane Solution 

Five pounds of styrene and butadiene monomer kjlend (T.S. = 18%), which had 28 w1% styrene for total monomer, 
was charged to a 1 gallon reactor. To this, 3.7 mmol of LHMI initiator was charged, following which 0.18 mmol of t- 
25 AmylOK and 1.1 mmol of oligomeric oxolanyl propanes as chelating agent were added. Reaction temperature was set 
to 160*'F (71**C). Polymerization time was 1 hour and observed peak temperature was 175**F (79*G). Then. 0.9 mmol 
of SnCU solution was ^ded to the reactor and the mixture agitated 30 minutes. The polymer was isolated as in the 
foregoing examples, and is reported herein as Polymer J. 

Polymer K was made by the same procedure as polymer J except using 38 wt% styrene/62 wt% butadiene instead 
30 of 28wt% styrene^2 wt% butadiene monomer blend, and the chelating reagent level was reduced to 0.12 mmol. 

Polymer L was made by the same procedure as polymer K except without the chelating reagent. 

Characterizations of these polymers are listed in TABLE VI. These polymers were found to have similar glass tran- 
sition temperatures. 

35 . .... 

TABLE VI 



ANALYSIS OF POLYMERS J-L 




Mn 


Mw/Mn 


ML4 


Vinyl^ 


Styrene 


Polymer H 


1.6x105 


2.05 


65 


42% 


28% 


Polymer 1 


1.6x105 


2.34 


100 


22% 


38% 


Polymer J 


1.6x105 


2.54 


118 


17% 


40% 



%ased upon parts of butadiene 



b) Compound Physical Properties of the Polvmer 

Polymers J, K, L and a control SBR. consisting of 20% styrene, 60% vinyl (based upon 100% butadiene). SnCU 
coupled SBR, was used for physical characterizations. The polymers were compounded in a natural rubber blended 
recipe iparts by weight of SBR 75, natural rubber 25, HAF carbon black 48.5, aromatic oil 1 1 , sulfur 1.6). Results are 
summarized in TABLE VII, 
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TABLE VII 



COMPOUNDED PROPERTIES, POLYMERS J-L 






100*»C 


Tear Strength. 168"G (kg/cm) 


Wear Index 


tan 6 




Tb(kc|/cm2) 


Eb(%) 






50^0 


Example Polymer J 


119 


414 


30 


105 


0.11 


Example Polymer K 


127 


462 


27 


116 


0.12 


Example Polymer L 


129 


473 


32 


114 


0.13 


Comparative SBR/SnCU 


108 


417 


29 


100 


0.13 



These example polymers show higher tensile properties and wear resistance, and also lower hysteresis loss than 
the control SBR. 

It should now be clear from the foregoing examples and specification disclosure, that initiators according to tiie 
20 present invention are useful for the anionic polymerization of diene monomers. Reproducible polymerization of such 

polymers within a relatively nan-ow molecular weight range is achieved, and the resulting polymers also exhibit good 

preservation of live C-U ends (as shown by efficient coupling), when connpared to the non-solubilized Initiators (e.g.. 

butyl lithium) heretofore known in the art. 

It is to be understood that the invention is not limited to the specific Initiator reactants. monomers, terminators, pdar 
25 coordinators or solvents disclosed herein, except as othenwise stated in the specification. Similarly, the examples have 

been provided merely to demonstrate practice of the subject invention and do not constitute limitations of the invention. 

Those skilled in the art may readily select other monomers and process conditions, according to the disclosure made 

hereinabove. 

Thus, it is believed that any of the variables disclosed herein can readily be determined and controlled without 
30 departing from the scope of the invention herein disclosed and described. Moreover, the scope of the invention shall 
include all modifications and variations that fall within the scope of the attached claims. 

Claims 

35 1 . A hydrocaitK>n soluble, anionic polymerization initiator comprising a mixture of: 
(i) a lithio amine having the general fomnula 

(A)Li(SOL)y 

40 

where y is 0 or from about 0.5 to about 3; SOL is a solubilizing component selected from the group consisting of 
hydrocarbons, ethers, amines or mixtures thereof; and, A is selected from the group consisting of dialkyl. alkyi, 
cycloalkyi or dicycloalkyi amine radicals having the general formula 



50 




and cyclic amine radicals having the general formula 

55 
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io where each Ri is independently selected from the group consisting of and alkyls. cycloalkyls afxl aralkyls having 
from having from 1 to about 12 carbon atoms, and R2 is selected from the group consisting of a divalent alkylene. 
bicycloalkane, substituted alkylene, oxy- or N-alkylamino-alkytene group having from about 3 to about 16 methylene 
groups; 

15 (ii) an organic alkali metal compound: and. optionally, 

(iii) a chelating reagent. 

2. An anionic polymerization initiator, as set forth in claim 1 , wherein the carbon atoms in Ri and R2 which are bonded 
to the nitrogen in the amine, are also bonded to a total of at least three hydrogen atoms, 

20 

3- An anionic polymerization initiator, as set forth in claim 1 . wherein SOL is a dienyl or vinyl aromatic oligomer having 
a degree of polymerization of from 3 to about 300 polymerization units. 

4. An anionic polymerization initiator, as set forth in claim 3. wherein SOL is selected from the group consisting of 
25 oligomers of butadiene, styrene, isoprene and mixtures thereof. 

5. An anionic polymerization initiator, as set forth in claim 1, wherein SOL is selected from the group consisting of 
tetrafiydrofuran and tetramethylethylenediamine. 

30 6- An anionic polymerization initiator, as set forth In claim 1 , wherein A is selected from the group consisting of deriv- 
atives or radicals of pyrrolidine; piperidine; monoalkyl piperazine; perhydroazepine; 1 -azacyclooctane; azacyclotri- 
decane; azacycloheptadecane; l-azacycloheptadec-O-ene; 1-azacycloheptadec-8-ene; and, diisobutyl amide. 

7. An anionic polymerization initiator, as set forth in claim 6, wherein said pyrrolidine derivative is of perhydroindole. 
35 

8. An anionic polymerization initiator, as set forth in claim 1 , wherein A is selected from the group consisting of deriv- 
atives or radicals of di*n*alkylarriines, wherein the alkyi group has from about 2 to about 5 cartx>n atoms. 

9. An anionic polymerization initiator, as set forth in claim 1 . wherein A is a derivative or radical of pyrrolidine, y is 2 
40 and SOL is selected from the group consisting of tetrahydrofuran and tetramethyfethylenediamina 

10. An anionic polymerization Initiator, as set forth In claim 1 , wherein A is a derivative or radical of periiydroazepine, y 
is 2 and SOL is selected from the group consisting of tetrahydrofuran and tetramethyiethylenedian^ne. 

45 11 . An anionic polymerization initiator, as set forth in claim 1 , wherein A is a derivative or radical of perhydroazepine 
and y is 0. 

1 2. An anionic polymerization initiator, as set forth in claim 3. wherein said lithio amine has the formula A-(SOL)'Li, and 
A is a derivative or radical of pyrrolidine. 

so 

13. An anionic polymerization initiator, as set forth in claim 1 , wherein said organic alkali metal compound is selected 
from the group consisting of compounds having the general formula R3M. R4OM. R5C{0)0M, R^RyNM, and 
RsSOsM, where R3. R4, R5. Re R7. and Rs are each selected from the group consisting of alkyls. cycloalkyls. alkeny Is, 
aryls, or phenyls, having from about 1 to about 12 carbon atoms; and where M is selected from the group consisting 

55 of Na. K. Rb or Gs. 

14- An anionic polymerization initiator, as set forth in claim 13, wherein M Is Na or K. and said mixture conprises a 
mixture ratio of said organic alkali metal compound of from atxsut 0.5 to about 0.02 equivalents thereof per equivalent 
of lithium in said lithio amine. 
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15- An anionic polymerization initiator, as set forth in claim 1. wherein said chelating reagent (iii) Is present and is 
selected from the group consisting of tetramethylethylenediamine; linear oligomeric oxolanyl alkanes; and. oxolanyl 
cyclic acetals. 

5 16. An anionic polymerization initiator, as set forth in claim 15, wherein said mixture comprises a mixture ratio of said 
chelating reagent of from about 0.01 to about 2 equivalents thereof per equivalent of lithium in said lithio amine. 

17- A method of preparing an anionic polymerization initiator comprising the steps of: 

forming a reaction product by reacting an organolithium compound with a functionaliztng agent; said tunc- 
10 tionalizing agent being selected from the group consisting of alkyl. dialkyi, cyctoalkyl or dicydoalkyl amines having 
the general formula 



N— H 



20 

and cyclic amines having the general formula 




where each Ri is independently selected from the group consisting of and alkyls. cycfoalkyls and aralkyls having 
from 1 to about 12 carbon atoms, and R2 is selected from the group consisting of a divalent alkylene, bicycloalkane. 
substituted alkylene, oxy- or N-alky!amino-alkylene group having from about 3 to about 16 methylene groups; 
35 and mixing said reaction product with an organic alkali metal compound; and optionally, a chelating reagent; 

said organolithium compound having the general formula RLi where R is selected from the group consisting 
of alkyls, cycloalkyls, alkenyls. aryls and aralkyls having from 1 to about 20 carbon atoms and short chain length 
low molecular weight polymers from diolefin and vinyl aryl nrK}nomers having up to about 25 units. 



40 1 8- A process for preparing an elastomeric compound having reduced hysteresis loss properties comprising the steps of: 
forming a solution of one or more anionically polymerizable monomers in a hydrocart)on solvent; and, 
polymerizing said monomer with a mixture of a lithio amine and an organic alkali metal compound to form a 
polymer; 

said lithio amine having the general formula 

45 

(A)U(SOL)y 

where y is 0 or from about 0.5 to about 3; SOL is a solubilizing component selected from the group consisting of 
hydrocarbons, ethers, amines or mixtures thereof; and. A is selected from the group consisting of alkyl. dialkyi. 
50 cydoalM or dicydoalkyl amine radicals having the general formula 
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and cyclic amine radicals having the general formula 



5 




where each Ri is independently selected from the group consisting of and alkyls. cycloalkyls and aralkyls having 
from 1 tp about 12 cartoon atoms, and R2 is selected from the group consisting of a divalent alkyiene, bicycloatkane, 
substituted alkyiene, oxy- or N-alkylamino-alkylene group having from about 3 to about 16 methylene groups. 

IS 19. A process, as set forth in claim 18. wherein said monomers are selected from the gropp consisting of styrene and 
butadiene, and mixtures thereof. 

20. A process, as set forth in claim 18, wherein said mixture further includes a chelating reagent. 

20 21 . A process, as set forth in claim 1 8, comprising the further step of reacting the polymerized monomer with a modifying 
agent selected and derived from the group consisting of terminating agents, coupling agents and linking agents. 

22. A process as set forth in daim 21, wherein said modifying agent is selected from the group consisting of carbon 
dioxide; N,N,N\N*-tetraa!kyldiaminobenzophenones; diaikylaminobenzaldehydes; diaikylimidazolidinones; 1*alkyl 
25 substituted pyrrolidinones; 1-aryi substituted pyrrolidinones; dialkyi- and dicycloalkyl-carbodiimides having from 
about 5 to about 20 carbon atoms; (Risja^X^; 
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where Z is tin or silicon; X is ctilorine or bromine; a is from 0 to 3 and b is from about 1 to 4 where a + b = 4 ; R-js 
is selected from the groip consisting of afkyls having from about 1 to about 20 cartoon atoms, cycloalkyls having 
from about 3 to about 20 carbon atoms, aryls having from about 6 to about 20 carbon atoms and aralkyls having 
fre>m about 7 to about 20 carbon atoms; each Ri6 is the same or different and is selected from the group consisting 
of alkyls, cycloalkyls and aryls. having from about 1 to about 12 cartjon atoms; R17 is selected from the group 
consisting of t-alkyls. phenyls, alkylphenyls and N,N<Jialkylaminophenyls. having from about 4 to about 20 carbon 
atoms; each Rib is the same or different, and is selected from the group consisting of alkyis and cycloalkyls having 
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from about 1 to about 1 2 caitx>n atoms; and. Rig is selected from the group consisting of atkyls, phenyls, alkylphenyis 
and N.M-dialkylaminophenyis having from about 1 to about 20 carbon atoms, and mixtures thereof. 

23. A process as set forth in claim 22, wherein the two Ris groups together form a cyclic group. 

24- A process as set forth In claim 1 8 comprising the further step of conpounding said polymer with from about 5 to 80 
parts by weight of carbon black, per 100 parts of said polymer, to form a vulcanizable compound. 

25. A structural element of a tire formed from the vulcanizable compound formed according to claim 24, wherein the 
structural element is selected fi^om the group consisting of treads, subtreads, black sidewalls, body ply skims and 
bead fillers. 

26. A polymer prepared by forming a solution of one or more aniontcaliy polymerizat^le monomers in a hydrocarbon 
solvertt; and, 

polymerizing said monomer with a mixture of a lithio amine and an organic alkali metal corrpound to form 
the polymer; 

said ilthio amine having the general formula 

{A)U(SOL)y 

where y is 0 or from about 0.5 to about 3; SOL is a solubilizing component selected from the group consisting of 
hydrocarbons, ethers, amines or mixtures thereof; and, A is selected from the group consisting of alkyi, dialkyi, 
cydoall^i or dicycbalkyi amine radicals having the general formula 




and cyclic amine radicals having the general formula 




where each Ri is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having 
from 1 to about 12 carbon atoms, and R2 is selected from the group consisting of a divalent alkylene, bicycloaikane, 
substituted alkylene, oxy- or N-alkyiamino-alkylene group having from about 3 to about 16 methylene groups. 

27. A polymer as set forth in claim 26, comprising a tin-cartxjn bond derived from a terminating, coupling or linking 
agent (Ri5)aZXb. where Z is tin or silicon; R15 is selected from the group consisting of alkyls having from about 1 to 
about 20 cartx>n atoms, cycloalkyls having from about 3 to about 20 carbon atoms, aryls having from about 6 to 
about 20 carbon atoms and arall^is having from ak>out 7 to about 20 carbon atoms; X Is chlorine or Ixomine; a is 
from 0 to 3, b Is from about 1 to 4, and a + b = 4 , 

28. A vulcanizable elastomer formed by conpounding the polymer of claim 26 with from about 5 to 80 parts by weight 
of carfc)on t^lack, per 100 parts of the polymer. 

29. A tire having decreased rolling resistance and having at least one structural element selected from the group con> 
sisting of treads, subtreads. black sidewalls, txxiy ply skims and bead fillers, wherein said structural element is 
formed from the vulcanizable elastomer as set forth in cleum 23. 
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